Introduction {#Sec1}
============

Respiratory distress syndrome (RDS) is one of the major causes of neonatal respiratory morbidity and mortality.^[@CR1]^ Although the early use of nasal continuous positive airway pressure (CPAP) significantly reduced the need for surfactant replacement therapy in RDS, still over half of all preterm neonates with RDS require surfactant.^[@CR2]^ Historically, surfactant was administered via an endotracheal tube during a period of mechanical ventilation. As mechanical ventilation may cause ventilator-induced lung injury and increases the risk of bronchopulmonary dysplasia (BPD),^[@CR3]^ the technique of less invasive surfactant administration (LISA) was developed. In this technique surfactant is administered via a thin catheter in spontaneously breathing infants on nasal CPAP.^[@CR4]^ A systematic review including six randomized controlled trials with a total of 895 infants showed a significantly reduced incidence of BPD and death and a lesser need of mechanical ventilation in infants treated with LISA compared with infants treated with surfactant via an endotracheal tube during mechanical ventilation.^[@CR5]^

From endotracheal intubation studies in neonates it is long known that awake laryngoscopy is distressing and painful, and is frequently complicated by a series of serious adverse physiological events.^[@CR6]--[@CR16]^ Also, awake intubation increases the time and the number of attempts necessary for successful intubation and increases the risk of traumatic injury to the airway.^[@CR12],[@CR13],[@CR17]^ Therefore, in a consensus statement on the prevention and pain in the newborn in 2001 and again by the American Academy of Pediatrics in 2010, it was stated that nonemergency intubation should always be performed with the use of premedication.^[@CR18],[@CR19]^ There is no consensus about the optimal premedication strategy.^[@CR19]^

Similar to endotracheal intubation, LISA involves the use of a laryngoscope to place the thin catheter between the vocal cords. However, most of the published randomized controlled trials did not use any premedication before LISA.^[@CR5],[@CR20],[@CR21]^ Also, in studies investigating LISA practices in different countries, apart from the Nordic countries, LISA is often performed in awake patients.^[@CR22]--[@CR24]^ Only in the last 3 years, reports start to appear in the literature using different kinds of premedication prior to LISA.^[@CR25]--[@CR28]^ The performance of LISA in awake patients might be considered as a relapse in neonatal medicine.^[@CR20]^

We performed this observational cohort study to assess the success rate and quality of the technical conditions, and the vital parameter response in preterm newborns undergoing a LISA procedure without sedative premedication.

Methods {#Sec2}
=======

Study design and patients {#Sec3}
-------------------------

We conducted a prospective monocentric observational study on the level III neonatal intensive care unit (NICU) at Máxima Medical Center Veldhoven, the Netherlands, between January 2016 and February 2018. Patients \<32 weeks' gestation were included in the study if they had RDS and were treated with LISA. We only included every first LISA procedure per patient. LISA for treatment of RDS was implemented into daily practice in our department in 2014 and is since then standard of care. LISA is performed in infants with a gestational age less than 32 weeks with clinical signs of RDS, respiratory support with nasal CPAP with a positive end-expiratory pressure of at least 6 cm H~2~O, and an oxygen requirement of 30% or more to maintain SpO~2~ levels between 88 and 95%.

Description of the LISA procedure {#Sec4}
---------------------------------

LISA procedures were performed according to a local standardized protocol. Prior to LISA, patients received a loading dose of caffeine to support the respiratory drive. A dose of atropine 10 μg/kg was administered 5 to 10 min before start of the procedure to prevent reflex bradycardia during laryngoscopy and catheter placement. About 1 to 2 minutes before start of the procedure, sucrose 20% (0.1 ml/kg) was administered in the cheek pouch and facilitated tucking was applied. During the procedure, swaddling was performed to contain the infant and promote comfort. Sedative premedication was not used. A laryngoscope was then used for visualization of the vocal cords and placement of the catheter. At the start of the study we used a 5F umbilical catheter which was placed between the vocal cords with the use of a Magyll forceps. During the study we started to use a shorter and stiffer LISA catheter (Chiesi Pharmaceuticals, Parma, Italy), for which the use of a Magyll forceps was no longer needed. After placement of either catheter, surfactant (Curosurf, 150--200 mg/kg) was instilled over a period of 1--3 min while the patient was spontaneously breathing on nasal CPAP. During surfactant instillation, aspiration was done via the nasogastric tube to check for surfactant spill. After surfactant instillation was complete, the catheter was immediately removed.

Data collection {#Sec5}
---------------

We collected the following patient characteristics: gestational age, birth weight, postnatal age at the LISA procedure and gender. Data regarding starting time of the LISA procedure, the quality of technical conditions using a standardized scale, the number of attempts, reasons for failed attempts, and function of the operator of the procedure were collected during and immediately after the procedure on a standardized registration form.

In accordance with the NEAR4KIDS registry definitions of intubation encounters and attempts,^[@CR29]^ we defined a LISA procedure as one complete procedure of airway management intervention including the administration of surfactant. An attempt was defined as one episode of laryngoscopy, beginning with the insertion of the laryngoscope into the patient's mouth and ending when the laryngoscope was removed. A successful attempt was defined as an episode of laryngoscopy in which the complete amount of surfactant could be administered. An attempt failed if not the complete dose of surfactant could be administered and another laryngoscopy episode was needed to complete surfactant administration. Quality of technical conditions was assessed by the operator of the procedure with the Viby-Mogensen intubation score.^[@CR30]^ One missing item was allowed, if more than 1 item of the intubation score was missing, quality of technical conditions could not be judged. Good technical quality was defined as a score on each item ≤ 2. A score on one or more items ≥ 3 implied inadequate technical quality.

Vital parameters {#Sec6}
----------------

In all infants admitted to the NICU vital parameters are continuously monitored using Intellivue MXI 800 patient monitors (Philips, Hamburg, Germany). All data are saved to a data warehouse system with a sampling rate of 1 Hz. For the purpose of this study, data were extracted from 20 min before until 30 min after start of the LISA procedure. Data were averaged per minute. Baseline heart rate and oxygen saturation were calculated as median heart rate and oxygen saturation in the period from 20 min to 10 min before start of the LISA procedure. The period from 10 min before to start of the LISA procedure was discarded as in this period atropine was administered and nursing handling was needed to install the patient properly for the LISA procedure. Changes in heart rate and oxygen saturation in the 30 min after the start of LISA in relation to baseline were calculated. Besides this, changes in heart rate and oxygen saturation after the start of LISA compared with baseline were calculated for patients with good versus patients with inadequate technical quality, and for patients with success versus patients with failure of the first attempt.

Statistical analysis {#Sec7}
--------------------

SPSS (IBM SPSS Statistics for Windows, version 22.0 m Armonk, NY, USA) was used to analyze the data. Relevant patient data were reported as numbers with percentages for qualitative variables and median and interquartile ranges for quantitative variables. Comparison between groups was performed with the Mann--Whitney *U* test for continuous variables and the Pearons's Chi square test or Fisher's exact test, as appropriate, for categorical variables. Comparison of vital parameters between baseline and different time points after baseline within the same group of patients was performed with a paired *t*-test.

Ethical approval {#Sec8}
----------------

For this observational study we received a waiver for formal ethical approval (Medical Ethical Committee, Máxima Medical Center, Veldhoven, the Netherlands, No. N18.095) according to the Dutch Law of Research with Humans. No additional parental consent was required.

Results {#Sec9}
=======

Study population {#Sec10}
----------------

Inclusion of patients is shown in the study flow chart in Fig. [1](#Fig1){ref-type="fig"}. During the study period LISA was performed in 111 patients with a GA \< 32 weeks. Twenty-five patients were excluded because the standardized registration form was not filled in and therefore data regarding quality of technical conditions and success of LISA attempts were lacking, leaving 86 patients to be included. In 29 patients, data on vital parameters were not available in data warehouse and in 20 patients these data could not be retrieved because the precise starting time of LISA was lacking. Therefore, heart rate and oxygen saturation data from 20 min before until 30 min after start of LISA were available in 37 patients. Patient characteristics of the study population are shown in Table [1](#Tab1){ref-type="table"}. Patients in whom vital parameter data were lacking, had younger gestational and postnatal ages compared with patients with available data.Fig. 1Study flow chartTable 1Patient characteristicsTotal study populationVital parameter analysisNo vital parameter analysis*P* valueNo. of patients863749Gestational age (week), median (IQR)28.3 (26.6--29.7)29.0 (27.1--30.0)27.9 (25.7--29.1)0.007Birth weight (gm), median (IQR)1015 (769--1305)1120 (853--1320)995 (715--1255)0.12Birth weight \<10th percentile, *n* (%)25 (29)13 (35)12 (25)0.34Postnatal age (h), median (IQR)3.3 (2.1--8.5)5.4 (2.5--13.2)2.7 (1.9--5.9)^a^0.01Male gender, *n* (%)49 (57)23 (62)26 (53)0.51^a^Missing data in seven patients

Success of LISA attempts {#Sec11}
------------------------

The LISA procedure was successful at the first attempt in only 45 patients (52%). In 32 patients (37%) 2 attempts were required and in 9 patients (11%) 3 attempts were needed. Reported reasons for failure of first attempts were: inability to visualize the vocal cords in 11 (27%), interruption of the procedure because of significant surfactant spill in 4 (10%), dislocation of the catheter during surfactant administration in 4 (10%), inability to introduce the catheter between the vocal cords in 5 (12%), worsening condition of the patient in 5 (12%), patient resistance in 1 (2%), and other reasons in 4 attempts (10%). In 7 attempts (17%) the reason for failure was not reported. The first attempt was performed by a pediatric resident in 7 procedures (8%), a neonatal nurse specialist in 22 procedures (26%), a fellow in neonatology in 10 procedures (12%) and a neonatologist in 46 procedures (53%). Pediatric residents were successful in only 2 attempts (29%), neonatal nurse specialists were successful in 7 attempts (32%), fellows in neonatology were successful in 3 attempts (30%) and neonatologists were successful in 33 attempts (72%) (*p* = 0.003).

Table [2](#Tab2){ref-type="table"} shows patient characteristics and experience of the performer in successful and failed first attempts. These results show there are no statistically significant differences in patient characteristics between LISA procedures in which the first attempt was successful compared with LISA procedures in which the first attempt failed. However, in procedures in which the first attempt was successful, the performer of the procedure was significantly more often a neonatologist than in procedures in which the first attempt failed (73% versus 33%, *p* \< 0.001).Table 2Patient characteristics and performer experience in relation to the success rate and quality assessmentSuccess of first attempt (*n* = 86)Quality of technical conditions (*n* = 76)^\#^Success (*n* = 45)Failure (*n* = 41)*P*-valueGood quality (*n* = 45)Inadequate quality (*n* = 31)*P*-valuePatient characteristics  Gestational age (week), median (IQR)28.3 (26.7--29.4)28.4 (25.9--29.9)0.9228.3 (26.6--29.6)28.1 (27.0--30.0)0.70  Birth weight (gm), median (IQR)1030 (763--1300)1000 (750--1328)0.941050 (788--1313)1000 (800--1300)0.76  Birth weight \<10th percentile, *n* (%)13 (29)12 (29)1.0012 (27)12 (39)0.32  Postnatal age (h), median (IQR)3.3 (2.1--11.6)3.3 (2.1--7.3)0.583.5 (2.5--9.6)3.2 (2.0--10.7)0.53  Male gender, *n* (%)25 (56)24 (59)0.8324 (53)21 (68)0.24Procedure characteristics  Performer of first attempt is neonatologist, *n* (%)33 (73)13 (33)^a^\<0.00129 (64)16 (52)0.34  Good quality of technical conditions, *n* (%)34 (76)11 (35)^b^0.001  Success of the first attempt, *n* (%)34 (76)11 (35)0.001^a^For one procedure the performer was not reported^b^For ten procedures quality of technical conditions was missing

Technical quality assessment {#Sec12}
----------------------------

Information about the quality of technical conditions was available for 76 LISA procedures (88%). Quality was good in 45 procedures (59%) and inadequate in 31 procedures (41%). Table [2](#Tab2){ref-type="table"} shows the patient characteristics and experience of the performer in procedures with good and with inadequate quality assessment. There were no statistical significant differences in patient characteristics or in the level of experience of the performer between procedures with good and with inadequate technical quality. Quality assessment was, however, related to the success of the first attempt. Of the 45 procedures in which the first attempt was successful, technical quality was good in 34 procedures (76%), whereas of the 31 procedures in which the first attempt failed, only 11 procedures (35%) had good technical quality (*p* = 0.001).

Vital parameters {#Sec13}
----------------

Figure [2](#Fig2){ref-type="fig"} shows heart rate and oxygen saturation at baseline and at different time points after start of the LISA procedure. Heart rate significantly increased compared with baseline at all time points with the exception of *t* = 1 min. Oxygen saturation did not change significantly from baseline at all time points with the exception of *t* = 1 and *t* = 2 min, in which oxygen saturation was significantly lower compared with baseline.Fig. 2Heart rate and oxygen saturation at baseline and after start LISA. Dark gray bars indicate significant (*P* \< 0.05) differences compared with baseline

In only two patients (5%) there was a brief period of bradycardia \<100/min in the first 10 min after start of the LISA procedure. In both patients heart rate restored within 1 min and never dropped below 80/min. Desaturation were more frequent: in 20 patients (54%) oxygen saturation dropped below 80% on 1 or more occasions in the first 10 min after start of LISA.

Figure [3](#Fig3){ref-type="fig"} shows heart rates and oxygen saturation in relation to the success rate of the first attempt and technical quality of each LISA procedure. Heart rate and oxygen saturation did not differ significantly between patients with success versus failure of the first attempt and between good versus inadequate technical quality. There was, however, a significant difference in the time until the deepest drop in oxygen saturation between patients with good versus inadequate technical quality. In patients with good technical quality the lowest oxygen saturation occurred after a median of 2 min after start of LISA versus a median of 5.5 min for patients in whom the technical quality was inadequate (*p* = 0.018). In patients in whom the first attempts was successful, the deepest drop in oxygen saturation occurred at a median of 4 min, and in patients in whom the first attempt failed the deepest drop in oxygen saturation occurs at median of 2 min. This difference, however, is not statistically significant (*p* = 0.136).Fig. 3Heart rate and oxygen saturation in relation to the success rate and quality of intubation. Light gray areas indicate the period from which baseline heart rate and oxygen saturation were calculated

Oxygen desaturations below 80% occurred in 13/19 (68%) of patients with good quality conditions and in 7/15 (47%) of patients with inacceptable quality (*p* = 0.30). In procedures with a successful first attempt (*n* = 19), desaturations below 80% occurred in 13 patients (68%), while in procedures in which the first attempt failed (*n* = 18) these desaturations occurred in 7 patients (39%). This difference was also not statistically significant (*p* = 0.10).

Discussion {#Sec14}
==========

This observational study was performed to assess the quality and effect on vital parameters of LISA procedures performed without the use of sedative premedication. LISA performed in awake patients had a low success rate of the first attempt, and the technical quality frequently was inadequate. Also, there was a significant correlation between failure of the first attempt and the quality of technical conditions, suggesting patient discomfort and intolerance as a cause for first attempt failure. Besides this, there was a high frequency of oxygen desaturations. Combined with the extensive existing evidence on the harmful effects of awake laryngoscopy during endotracheal intubation, our results emphasize the need for better pain reduction and patient comfort during LISA by using sedative premedication.

From 2016 onwards several reports have appeared in the literature using premedication during LISA. Although different strategies of sedative premedication were used, these reports unanimously showed better patient comfort in patients treated with premedication.^[@CR25]--[@CR27]^ However, sedative premedication also has adverse effects. In one retrospective study and one randomized controlled trial, propofol as premedication for LISA has shown to increase the need for noninvasive intermittent positive pressure ventilation.^[@CR25],[@CR26]^ Although the need for endotracheal intubation was not increased in patients treated with propofol, the frequency of mechanical ventilation in the first 72 h of life was higher compared with those that did not receive premedication.^[@CR20]^ Ketamine as premedication led to a relatively high need for endotracheal intubation.^[@CR27]^ Since LISA failure causes a higher median number of days on mechanical ventilation, a higher incidence of supplemental oxygen at day 28 and a 20% lower survival without serious adverse events,^[@CR31]^ it is important to use sedative premedication that has little to no effect on the respiratory drive in order to prevent LISA failure.

Awake laryngoscopy has considerable effects on vital parameters such as oxygen saturation and heart rate. In our study population, oxygen desaturations \<80% in the first 10 min from start of LISA occurred in 54% of patients. This percentage is lower compared with the studies using premedication prior to LISA.^[@CR25]--[@CR28]^ The high incidence of oxygen desaturations in premedicated patients is most probably not due to laryngoscopy, but caused by a pronounced suppression in respiratory drive by the sedative premedication. Besides this, during LISA oxygen desaturations are not only an effect of laryngoscopy but are also caused by the administration of surfactant. The increase in heart rate found in our study is at least partly due to the administration of atropine prior to LISA and is therefore no clear indicator of patient stress and discomfort. The administration of atropine did, however, prevent patients from developing bradycardia compared with the study of Dekker et al. who did not use atropine.^[@CR26]^

In endotracheal intubation, and presumably also in LISA, the use of premedication can decrease the number of attempts needed for success,^[@CR12],[@CR13],[@CR17]^ and improve the quality of technical conditions.^[@CR32],[@CR33]^ In half of all our LISA procedures more than one laryngoscopy episode was needed for completion of the procedure. This success rate was comparable to success rates in studies using premedication prior to LISA,^[@CR26],[@CR27]^ as well as studies using propofol as premedication before endotracheal intubation.^[@CR34],[@CR35]^ Inadequate quality assessment was found in 41% of procedures. Technical quality seems considerably better when ketamine is used prior to LISA.^[@CR27]^ To our opinion, the absence of improved success rate after premedication does not mean premedication should not be used. It indicates that we have to do better in premedicated LISA procedures and endotracheal intubations as well.

In summary, comparison of our findings in awake LISA with studies using sedative premedication prior to LISA shows that success rates and effects on vital parameters are comparable. This should not encourage neonatologists to keep on performing LISA in awake patients. There is enough evidence on the harmful effects of awake laryngoscopy during endotracheal intubation and there is no reason to believe these effects would be different in the context of a LISA procedure. LISA, therefore, should always be performed with the use of sedative premedication. This premedication, however, should have the least effect on the respiratory drive and should not hamper LISA success. More research is obviously needed to determine the best premedication strategy.

Success of intubation attempts is not only determined by the use of sedative premedication. Level of experience of the operator is also an important determinant of success.^[@CR36]^ In our study, we found a significant relation between the success of LISA and the level of experience of the operator. Of all LISA procedures in which the first attempt was successful, it was performed by a neonatologist in 73%, compared with 33% of the procedures in which the first attempt failed. For endotracheal intubation it is known that the use of premedication improves the success rates of inexperienced operators.^[@CR37],[@CR38]^ It is likely that this is also applicable for LISA. Irrespective of the use of premedication, operator level of experience and number of attempts needed are important factors increasing the odds for endotracheal intubation related adverse events.^[@CR36],[@CR39],[@CR40]^ Although there are no studies evaluating the occurrence of LISA related adverse events, it is presumable that the incidence of adverse events during LISA is also influenced by these factors. The operator for LISA should, therefore, be carefully considered.

Lack of data on success and technical quality because of missing registration forms led to the exclusion of almost 25% of patients that underwent LISA in our study, which could have led to selection bias. The excluded population, however, had comparable baseline characteristics compared with the included patients. The included patients are a good reflection of the total population of preterm infants undergoing LISA and, therefore, our results have good generalizability.

Our study has several limitations. First limitation is the use of atropine prior to LISA. One of the goals of our study was to determine the effects of awake LISA on vital parameters. We found a significant increase in heart rate at all time points after start op LISA, but this is most probably due to the administration of atropine, rather than a reflection of patient stress and discomfort. Nevertheless, we encourage the use of atropine prior to LISA, since it prevents the occurrence of bradycardia and its related risk for hypoxia.

Second limitation is the lack of vital parameter data in 59% of included patients. Patients with available data had significantly higher gestational and postnatal ages compared with patients in whom vital parameter data were not available. Since we found no influence of gestational and postnatal age on the success rate and technical quality, we would not expect the effects of awake LISA on vital parameters to be different in younger compared with older infants. The availability of vital parameter data in only a small proportion of patients, therefore, will most likely not have affected the validity of our findings. Other limitations are the lack of blood pressure data, which could have helped make a distinction between atropine effect and stress in patients with a significant elevation of heart rate, and the lack of objective measurements of pain and discomfort.

Conclusion {#Sec15}
==========

In our study of LISA procedures performed without sedative premedication, the success rate of the first attempt was only 52%, the technical quality was frequently inadequate, and there was a high incidence of oxygen desaturations. Although providing patient comfort should be a key factor in neonatology, the adverse effects of performing LISA without premedication should be carefully weighed against the negative effects and risks of administering sedative premedication before LISA. Other forms of premedication with lesser effect on the respiratory drive need to be investigated. The use of atropine during LISA resulted in a very low incidence of bradycardia and should therefore be strongly considered, regardless of the use of sedative premedication.
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